An unusual familial case of three sibs with a partial duplication of distal Xp sequences is described. The proband, an 18 year old boy, showed mental retardation, severe dysmorphic features, hypogonadotrophic hypogonadism (HHG), and hypoplastic external genitalia. His karyotype was 46,Y,inv dup(X)(p22.1-->p22.32). The proband has two sisters each with the same inv dup(Xp) chromosome. Both sisters presented with short stature but were otherwise phenotypically normal. The abnormal X chromosome was inactive in the majority of cells examined. Southern blot dosage analysis indicated a duplication of distal Xp sequences. The proximal breakpoint is located between DXS28 and DXS41, and is therefore at least 2 Mb distal to the DSS locus. The relationship between the phenotype and the Xp duplication is discussed.
Duplication of distal Xp sequences is a rare chromosomal rearrangement. In XY subjects, Xp duplications are usually associated with mental retardation, multiple severe congenital abnormalities, and in some cases 46,XY gonadal dysgenesis, which can lead to female gender assignment.1-910 This suggests that two active copies of an Xp gene in some way inhibit normal testicular determination. An analysis by Bardoni et al" of 46,XY phenotypic females carrying microscopic and submicroscopic Xp duplications defined a region of 160 kb at Xp21.3 that is associated with male to female sex reversal. This locus, termed DSS (dosage sensitive sex reversal), maps to the same position at Xp21.3 as the disorder of adrenal gland development, adrenal hypoplasia congenita (AHC). The gene responsible for X linked AHC and HHG has been recently identified as DAX-1 (DSS-AHC critical region on the X chromosome, gene 1).12 DAX-1 maps within the DSS interval and encodes a member of the nuclear receptor superfamily. Loss of function mutations of DAX-1 cause both AHC and HHG. " Although no gene has been shown to be responsible for male to female sex reversal, DAX-1 is a good candidate gene based on its position and pattern of expression.
We (fig 1) . Physical examination showed severe dysmorphic features including microcephaly (-3 SD), long face, blue eyes with mottled irides, downward slanting palpebral fissures, hypertelorism, epicanthus, bilateral ptosis, short eyelashes, bulbous nose, short philtrum, high arched palate, retrognathia, low set ears, low hairline, large and short neck, bulging thorax, low set, widely spaced, retracted nipples, lumbar lordosis, dorsal kyphoscoliosis, and valgus knees. He had spindle shaped fingers with clinodactyly of the fifth fingers and his feet were flat with bilateral valgal and talocalcaneal fusion. The skin was dry and keratotic with congenital cutis laxa and major ligamentous laxity. He bit his fingers. Axial and limb hypotonia and short stature (-8 SD) were noted (fig 2) .
Neurological examination showed a pyramidal syndrome. A CT scan and MRI analysis showed cerebellar cortico-subcortical atrophy. X ray examination showed asymmetry of the pelvis, subluxed femoral heads, and collapse of the tibial condyles. However, there were no signs of chondrodysplasia punctata. The proband had mixed deafness caused by perfo- Southern blot dosage analysis using Xp probes indicated that the proband carried two copies of the Xp loci DXS85, DXS143, and DXS41. Southern analysis indicated that DXS28 and DXS319 were both present as a single copy (fig 5) . The SRY gene was found to be identical to that of a normal male by both Southern blotting ( fig 5) and by DGGE analysis (data not shown). The DAX-1 gene was found to have a sequence identical to that of a normal male. Discussion To our knowledge very few cases with a maternal origin of dup(Xp) have been reported to date. '9 We identified a familial case with a cytogenetically detectable duplication of the short arm of the X chromosome. Southern blot dosage analysis indicated that the proximal breakpoint of the duplication was located between DXS28 and DXS41. A significant increase in STS activity in cells from the proband also indicated functional disomy of distal Xp. Since the proband had two sisters with the same cytogenetic abnormality, who had short stature as the only phenotypic abnormality, it suggests that the phenotype is caused by the presence of two active copies of gene(s) located at Xp22-23. This hypothesis is supported by the observation that the duplicated X chromosome was the inactive X chromosome in the majority of cells examined from the two sisters. STS activity in lymphocytes from each sister was also within the normal range. The DSS region at Xp21.3 was present as a single copy in the proband. Since DXS28 is located 2 Mb distal to the DSS critical region, the breakpoint must be located at least 2 Mb distal to DSS. Approximately 21 cases of cytogenetically visible duplications of distal Xp have been reported to date.'..9 20 Both sporadic and familial cases have been described. The duplicated material may be located on the X chromosome, on an autosome, or on the long arm of the Y chromosome. Multiple congenital abnormalities and mental retardation have been described in XY subjects carrying an Xp duplicated fragment. In 11 patients with Xp21.3 duplication including the DSS region, ambiguous or female external genitalia has been observed,l1 7-9 20 and in seven of these cases gonadal dysgenesis was confirmed.' 4 8 9 11 When analysed, the SRY gene was found to be normal in these subjects.
46,XY subjects who have duplications of Xp usually present with mental retardation and multiple congenital abnormalities and if the DSS region is duplicated there may also be gonadal dysgenesis. The occurrence of HHG in these cases is rare. There are three possible hypotheses which may explain the presence of HHG and associated hypoplastic external genitalia in our case. First, HHG and associated hypoplastic external genitalia may be caused by two active copies of a gene located at distal Xp. Mutations involving the Kallmann syndrome gene at Xp22 were associated with HHG and other abnormalities in a 46,XY subject. However, duplications of this gene are unlikely to give rise to HHG since the majority of subjects with duplications of Xp including the region of the Kallmann gene have normal FSH and LH levels.
A second hypothesis is that the chromosomal breakpoint of the duplication may directly interrupt a gene, thereby causing HHG. Bardoni et at5 described two 46,XY subjects who carried duplications of Xp sequences distal to the DSS region and whose phenotype resembled the boy described in this paper. In one subject (case 4, SR) the external genitalia were hypoplastic and glandular hypospadias was noted. The basal levels of FSH and LH were described as being at the lowest limits of the normal range. The other subject (TM) had hypoplastic external genitalia with cryptorchidism. FSH and LH levels were not indicated. The proximal breakpoint in both cases was located between DXS43 and DXS41, distal to both DSS and DXS28, similar to the breakpoint described in our patient. These data, together with the patient described here, suggest that there might be a gene in this position implicated in the physiology of the gonadotrophins.
Thirdly, it cannot be excluded, in the case presented here, that the duplication may have a silencing effect on a DSS gene located at Xp21.3. The DAX-1 gene has been mapped within the DSS critical interval. Loss of function mutations in DAX-1 are responsible for the HHG and AHC in a 46,XY subject.'2
The subject described here had a wild type DAX-1 sequence. In addition Southern analysis failed to detect any abnormality within the DSS interval. It is formally possible that HHG was caused by a long range position effect of the duplication on DAX-1 expression or other genes in the DSS critical region. 
